EV311573572US 

INNERSCOPING HYDRAULIC SYSTEM 



Background of the Invention 
The present invention is directed to the field of hydraulic power cylinder 
5 actuators. As shown in Fig. 1, conventional hydraulic cylinders actuators in use today 
utilize a single piston 14 inside of a cylinder 12. High-pressure fluid is fed into the 
cylinder on one side of the piston 14, propelling the piston through the cylinder in the 
opposite direction. Fig. 1 shows a conventional cylinder hydraulic piston arrangement, 
using valves to allow the system to operate in both directions. The figure shows the 

10 piston in a position of mid-extension. The pump 16 is filling the left chamber while the 
fluid in the right chamber is being forced into the tank or reservoir of the system. At the 
point in which the piston is fully extended, the valve 18 is switched to the opposite 
position and the process may be reversed. 

The conventional cylinder design is prone to high pressure leaks from the rod-end 

1 5 of the cylinder, causing an oil spill that can shut down the machinery operated by the 
cylinder. In many applications, extremely high hydraulic pressures must be produced to 
obtain the required forces. Such high working pressures can increase the factor of 
equipment failure. In conventional hydraulic actuator design, the cylinder wall is 
stronger than the piston operating rod. In high-load situations, this rod can bend, causing 

20 failure of the cylinder. This, combined with the possibility of high pressure oil leaks, 
could result in damage to machine and a danger to those who operate the machinery. 
Also, in conventional cylinder designs, the system power consumption is relatively high 
for the amount of power delivered. Still another problem with conventional cylinder 
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designs is that they are very heavy, primarily because of the thickness of the materials 
used to make cylinders capable of handling the extremely high operating pressures 
required to obtain the desired results. 

5 Summary of the Invention 

The difficulties and drawbacks of previous type systems are overcome in present 
hydraulic cylinder actuator design and associated hydraulic valving systems. A base is 
provided in stationary contact with the machine. The hydraulic cylinder actuator includes 
a sleeve cylinder, in mechanical contact with the base, and is stationary along with the 

10 base between extended and retracted positions. An internal cylinder is provided with a 
piston and a rod, in which the piston and rod are in mechanical contact with the base and 
remain stationary along with the base and sleeve cylinder between extended and retracted 
positions. A sleeve cylinder piston is adapted to the rod gland of the internal cylinder and 
along with the internal cylinder travel the complete distance of the stroke. An internal 

15 hydraulic actuator is substantially retained within the sleeve cylinder, the volume 

between the piston and the closed end of the internal cylinder, is substantially defined as 
the first hydraulic fluid chamber. The volume between the sleeve cylinder which 
attached to the base, and the sleeve piston which is attached to the internal cylinder rod 
gland substantially define the second fluid chamber. The inner portion is substantially 

20 defined as the volume between the piston and the interior portion of the internal cylinder 
rod gland, thereby substantially defining a third hydraulic fluid chamber. This third fluid 
chamber is incorporated for the retracting of the actuator and forcing the fluid from the 
first and second fluid chambers. The internal cylinder is adapted to be displaced to the 
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extended position to deliver the first power stroke upon pressurizing. The sleeve cylinder 
is adapted to be displaced to the extended position when pressurizing the second fluid 
chamber with hydraulic fluid. This substantially defines the second power stroke. The 
inner portion within the internal cylinder portion is adapted to be displaced to the 
5 retracted position upon being pressurized with hydraulic fluid, to thereby deliver a third 
power stroke. 

As will be realized, the invention is capable of other and different embodiments 
and its several details are capable of modifications in various respects, all without 
departing from the invention. Accordingly, the drawings and description are to be 
10 regarded as illustrative and not restrictive. 

Brief Description of the Drawings 
Fig. 1 shows a conventional hydraulic piston design. 

15 Figs. 2A and 2B respectively show the present hydraulic cylinder during 

operation in a retracted position and an extended position. 

Figs.2B shows an alternate embodiment of a "single-speed / single-force, 
operational mode" configuration. 

20 

Fig. 3 shows an alternate embodiment of a "two-speed / two-force, operational 
mode" of the present system, including a valving arrangement. 
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Fig. 4 shows a sequence valve as used with the embodiment shown in Fig. 3 



Figs, 5A 5 5B, 5C, 5D and 5E show a number of alternate embodiments of the 
present hydraulic cylinder. 

5 

Fig. 6 is a graph depicting the weight savings obtainable with the present system 
as a function of power output. 

Fig. 7 shows a further alternate embodiment of a "three-speed / three-force 
10 operational mode" configuration of the present hydraulic system. 

Detailed Description of the Invention 
The present system will now be described with respect to the figures, where it is 
understood that like reference numerals refer to like elements. The present system offers 

1 5 advantages not obtainable with previous-type hydraulic systems. The force capability of 
the present cylinder is increased due to doubling the high-pressure fluid reactions inside 
of the cylinder. This results in an increase in overall force capability when compared to a 
conventional system. In this manner, the present system also allows for a cylinder that 
delivers the same force as a conventional cylinder, though significantly downsized, 

20 resulting in a large weight savings and subsequent economic benefit. Another benefit 
within the present system is the advantage of a hydraulic actuator that incorporates 
several speed changes with several force applications, thus a hydraulic cylinder that 
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operates at a faster cycle time while outperforming a prior art system with comparable 
applied force. 

The present hydraulic system 20 is shown for example in Figs. 2A and 2B. A 
base 22 is in stationary contact with a machine component. An hydraulic cylinder 30 

5 reciprocally drives an operative member of the machine component. The hydraulic 
cylinder 30 includes a sleeve cylinder 32, in mechanical contact with the base 22, and is 
stationary with the base 22 throughout the mechanical operation of the cylinder 30. The 
sleeve cylinder 32 substantially defines a second hydraulic fluid chamber 34. The sleeve 
cylinder 32 further includes an open end for receiving an internal cylinder 36, and also a 

10 closed end 38. The internal cylinder 36 is substantially retained within the sleeve 

cylinder 32, for substantially defining the first hydraulic fluid chamber 40. The internal 
cylinder 36 is displaceable between an extended position (as shown in Fig. 2B) and a 
retracted position (as shown in Fig. 2A). Upon pressurizing the first and second 
hydraulic fluid chambers 34, 40 with hydraulic fluid, the internal cylinder 36 is displaced 

1 5 to the extended position to deliver the power stroke, as particularly shown in Fig. 2B. 

An hydraulic piston rod assembly 42 is received in the sleeve cylinder 32 and the 
internal cylinder 36. The piston rod assembly 42 has a piston rod 44, substantially 
retained within the sleeve cylinder 32, and a piston cap 46, substantially retained within 
the sleeve cylinder 32. The attachment end of the piston rod 44 is attached to the closed 

20 end 38 of the sleeve cylinder 32, opposite from the piston cap 46, and remains stationary 
with the base 22 and sleeve cylinder 32 throughout the cylinder operation. An inner 
portion 50 is substantially defined as the third fluid chamber and is defined as the volume 
between the piston cap 46 and a rod seal gland 56 within the internal cylinder 36. The 

CLE 773869.1 



-5- 



present internal cylinder 36 includes a closed end 52 and an open end 54 for receiving the 
piston cap 46. A rod seal gland or cylinder seal 56 is provided for enclosing the open end 
54. The cylinder seal 56 includes an aperture for admitting the piston rod 44. As such, in 
the preferred embodiment, the volume enclosed by the sleeve cylinder 32, the sleeve 
5 cylinder's closed end 38 and the cylinder seal 56 defines the second hydraulic fluid 

chamber 34. The volume enclosed by the internal cylinder's closed end 52 and the piston 
cap 46 defines the first hydraulic fluid chamber 40. The volume enclosed by the cylinder 
seal 56 and the piston cap 46 defines the inner portion 50. The inner portion 50 is 
pressurized with hydraulic fluid so as to displace the sleeve cylinder 32 and the internal 
10 cylinder 36 to the retracted position, to thereby deliver a second power stroke. In this 

manner, the present system provides an "innerscoping" cylinder arrangement that delivers 
more power than that obtainable with a conventional-type system. 

CONSERVATION OF MASS ANALYSIS 
15 The principle of the operation of the present system will now be explained by way 

of a conservation of mass analysis, as is typically performed in the field of hydraulics 
systems. In a conventional single-cylinder arrangement, the total force F of the piston is 
equal to cylinder pressure P multiplied by the area A of the piston cap: 

- F + PA C = 0 F = PA C 

20 L or . 

The velocity V of the piston is: 
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v = 0- 



where Q is the hydraulic fluid flow volume rate. 
5 The ''transit time," i.e. the piston cycle time C is: 

L 



C 



T Total 



where L is the length of the piston arm. 

In a conservation of mass analysis of the present system, it is initially assumed 

10 that: 

A c-y * A c-2, a . a , and e=a+a 

where Aqa and Ac-i respectively refer to the effective areas of each chamber 34, 40, 
corresponding to the innerscoping cylinders, and Q\ and Qi respectively refer to the 
15 volume flow rate for each of the first and second hydraulic fluid chambers 34, 40. 
Therefore, the total force of the cylinder 20 and 30 is: 
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F + PA C _ 2 + P{A 



A R ) = 0 



or 



F = PA C _ 2 + P(A C _ { - A R ) 



However, due the presence of the piston rod 44 in the second hydraulic fluid 



5 chamber 34, the second hydraulic fluid chamber 34 will experience a different volume 
flow rate than the first hydraulic fluid chamber 40, thus affecting the piston speed. The 
volume flow rate 0\ and Qi of the first and second chambers 34, 40 can respectively be 
expressed as: 



where Ac is the total area of the piston cap 46 and Ar is the cross-sectional area of the 
piston rod 44. Since both chambers 34, 40 are filling simultaneously, the smallest 
volume flow rate Q\ will dictate the maximum piston velocity while the other volume 
15 flow rate Q 2 fills the void in the second chamber 34 left by the expansion of the first 
chamber 40. Using the above equations to solve for the piston velocity we find: 




and 



10 
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or 



Therefore, the resulting transit time for the present system is: 



c. 



Total 



L_ 



As a result, the maximum force obtained by a conventional system and the present 
system can be compared as follows: 



F = PA, 



(conventional system) 



F = PA C _ 2 + P(A C _ X - A R ) 



(present system) 



1 5 The difference between the two systems is the result of the additional area in the 

present cylinder upon which pressurized hydraulic fluid can act; thus creating a greater 
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resulting force for the present system. By utilizing a stationary piston which is attached 
to the same support as the sleeve cylinder 32, the first hydraulic fluid chamber 40 can 
transfer its equal and opposite reactionary force back to the main support instead of the 
fluid in the first cylinder. The fluid in the second chamber 34 is acting directly on the 
5 support, thus allowing it to be used in direct opposition to the applied force. The present 
hydraulic cylinder's force benefits are dependent, however, on the diameter of the 
stationary piston's rod, as this directly affects the volume available for high pressure fluid 
in the second chamber 34. Because of this, the force only approaches a ratio of two as 
the rod's cross-sectional area is able to be decreased. The pressure obtained from the 

10 hydraulic pump for both systems is the same. For the same pump input and operation 
point, the present cylinder will produce a greater force. 

A single-speed, single-force mode is shown in Fig. 2B. The present hydraulic 
system 20 also includes a fluid connection 60 for hydraulically connecting to the first and 
second chambers 34, 40. A second fluid connection 62 is provided for hydraulically 

15 connecting to the inner portion 50. An hydraulic supply system is provided for 

alternately pressurizing one of the first and second fluid connections 60, 62 while venting 
the respective other of the first and second fluid connections 60, 62, so as to effect 
displacement of the internal cylinder, sleeve cylinder and inner portion between the 
extended position and the retracted position. The hydraulic supply system includes an 

20 hydraulic pump 64 for pressurizing the respective fluid connections 60, 62. A fluid 

reservoir 66 is provided for venting the respective fluid connections 60, 62. An hydraulic 
valve 68 is used for respectively switching the respective fluid connections 60, 62 
between the pump 64 and the tank 66. The hydraulic valve 68 is preferably a directional 
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control valve such as a Series D3W valve, sold by the Hydraulic Valve Division of 
Parker Hannifin Corporation of Elyria, Ohio. The hydraulic valve 68 includes a first 
operative position for connecting the first fluid connection 60 to the hydraulic pump 64 
and the second fluid connection 62 to the fluid reservoir 66. The hydraulic valve 68 also 
5 includes a second operative position for connecting the first fluid connection 60 to fluid 
reservoir 66 and the second fluid connection 62 to the hydraulic pump 64. As disclosed 
hereinabove, the present cylinder can produce substantially twice the maximum force 
when compared to a conventional system. When the conventional system is equal size as 
the internal cylinder. 

10 For a single-speed, single-force mode, as shown in Fig. 2B in an exemplary 

embodiment, the first and second fluid chambers 34, 40 are pressurized simultaneously, 
during which time the inner portion 50 of the system is being vented of hydraulic fluid to 
the tank 66. At the point of maximum extension, the valve 68 can be switched to allow 
for the inner portion 50 to become filled with high pressure fluid while allowing the first 

15 and second chambers 34, 40 to be vented to the tank 66. As shown in Fig. 2B, in a 
single-speed, single-force mode, the present system can be configured to allow the 
cylinder to operate as both a conventional cylinder and also as a present-type 
"innerscoping cylinder," through clown-sizing the "innerscoping cylinder 11 to include the 
additional speed and force benefits. 

20 In another alternate embodiment of the present invention, a two-speed, two-force 

mode is shown in Fig. 3. A valving arrangement is provided for controlling the 
pressurization of the first and second chambers 34, 40. For the first-speed, first force 
operation, the high pressure fluid from pump 64 transfers through valve 68 to the first 

CLli 773S69J 



- 11 - 



fluid connection line 60, to supply pressure to the first fluid chamber 40, thereby creating 
a negative pressure in the second chamber 34 that passively draws fluid through a check 
valve from the tank. Located within fluid line 60 is a sequence valve 70. The sequence 
valve 70 allows a pressurized input line to be shifted when the fluid reaches a certain 

5 predetermined pressure. As shown in Fig. 4, the sequence valve 70 monitors the current 
pressure of the system through a pressure feed, indicated through dotted lines as shown in 
Fig. 4. When the input pressure becomes greater than the predetermined value, the 
system transfers the fluid entering the valve (direction determined by the horizontal 
arrow) to the second fluid chamber 34. The sequence valve 70 thus defines a second 

10 operative state, for pressurizing the second chamber 34, already passively filled with 
fluid, thus producing the "second-speed, second-force." The pump 64 now fills the 
second chamber 40 and the first chamber 34 at the same time. When the pump 64 was 
pressurizing the first chamber, the speed and force of the cylinder is equal to the area of 
the internal cylinder 36, thus producing the first-speed, first-force. But as the sequence 

15 valve 70 shifts to pressurize fluid chamber 34, the pump 64 now is pressurizing chambers 
40 and 34 at the same time, the piston speed is reduced to the equal area of chambers 40 
and 34, thus the speed is reduced, but the force is doubled. When the cylinder 36 reaches 
the maximum extension, the valve 68 can be switched to allow the inner portion 50 to be 
pressurized and retract, while allowing the first and second chambers to be vented to the 

20 tank 66. This type of valving allows the cylinder to operate at double the force at a 
reduced speed as a conventional cylinder, or through down-sizing the "innerscoping 
cylinder," to operate the cylinder at the same force, but at a faster rate of speed. 
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As shown in Figs. 5A, 5B, 5C 5 5D and 5E, a number of cylinder porting 
arrangements can be contemplated. There are three fluid chambers within the 
"innerscoping cy1inder"that upon applying pressure cause the cylinder either to extend or 
retract. As shown in Figs. 5A, 5B, 5C, 5D and 5E a hydraulic fluid chamber port 80 is 
5 formed, for admitting hydraulic fluid into the sleeve cylinder 32. A second hydraulic 
fluid chamber port 82 for admitting hydraulic fluid is formed to the internal cylinder 36. 
A third hydraulic fluid chamber port 88 is formed to admit hydraulic fluid into the inner 
chamber 50 ? with a number of arrangements as shown in the following. 

As shown in Fig. 5A, 5B, 5C and 5D the fluid port 80 is formed in the sleeve 

10 cylinder 32 near the closed end 38. Alternatively as shown in Fig. 5E, the fluid port 80 
can formed in the base 22. 

As shown in Fig. 5A and 5B, the fluid port 82 is formed in the internal cylinder 
near the closed end 52 and alternatively shown being formed through a passage way in 
base 22 and a fluid passage way within rod 42, in Figs. 5C, 5D and 5E. 

15 As shown in Figs. 5 A and 5C, the fluid port 88 is formed in the sleeve cylinder 32 

near the open end. This fluid port with an drill hole in internal cylinder 36 near the 
cylinder seal 56, allow fluid to enter the inner portion chamber 50. Alternatively as 
shown in Figs. 5B, 5D and 5E, the fluid port 88 is formed through a passage way in base 
22 and a fluid passage way within the rod 42. The fluid passage way within rod 42 is 

20 blocked at piston 46. A drill hole in the rod 42, near the piston 46 allows the fluid to enter 
inner portion 50. 

As shown in Figs. 5B, 5D and 5E, when the fluid port 88 is formed through the 
base 22, there is no need for a shaft seal to be installed between internal cylinder 36 and 
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the open end of sleeve cylinder 32. With this the "innerscoping cylinder 1 ' only requires a 
shaft bearing, as there is no high pressure hydraulic fluid present at this point. Therefore a 
drain port 89 is formed in the sleeve cylinder 32 near the open end, to allow any build up 
of hydraulic oil that might leak past piston seal 56 to be vented to the tank 66, at the same 

5 time to allow the area between sleeve cylinder 32 and internal cylinder 36 not build up 
pressure or create a vacuum by admitting oil back and forth through drain port 89. This in 
turn provides some lubrication for the cylinder seal and the shaft bearing. 

Of course, it is to be appreciated that any combination of ports as described 
above or any other placement of ports, alone or in combination with those described 

10 above, are within the scope of the present embodiments and can be contemplated without 
departing from the present inventive concept. 

In summary, the operation of the present hydraulic cylinder includes pressurizing 
the first and second chambers so as to displace the hydraulic cylinder to an extended 
position. The inner portion is then pressurized so as discharge the first and second 

1 5 chambers and displace the cylinder to a retracted position. The step of pressurizing the 
first and second chambers results in the discharging of the inner portion. These steps of 
pressurizing the first and second chambers and pressurizing the inner portion are repeated 
indefinitely, so as to deliver power to a machine component. The step of pressurizing the 
first and second chambers includes a step of hydraulically connecting the first and second 

20 chambers through a first fluid connection. The step of pressurizing the inner portion 
comprises a step of hydraulically connecting the inner portion through a second fluid 
connection. The first and second fluid connections are alternately pressurized while 
venting the respective other of the first and second fluid connections, so as to effect 
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displacement of the internal cylinder between the extended position and the retracted 
position. In an alternate embodiment, the step of pressurizing the first and second 
chambers includes pressurizing the first chamber with an hydraulic pump. In this way, 
the first chamber creates a vacuum in the second chamber to draw in fluid from a fluid 
5 reservoir. A predetermined pressure is detected in the first chamber, so that, upon 
reaching the predetermined pressure, the second chamber is pressurized by connecting 
the second chamber to the hydraulic pump. 

Without the alternate embodiments directed to the valving of the system, the 
present cylinder has the capability of producing roughly 100% or more force than a 
- 10 conventional system (depending on the piston rod diameter). Many applications today, 
however, require as light a hydraulic system as possible in order to save on overall 
system and integration weight. Since the present cylinder produces this increased force, 
the cylinder can be downsized in order to equal the same force output as a conventional 
system. At the same time, the downsizing will reduce the volume required to contain 
15 high-pressure fluid from the pump, resulting in a further increased piston velocity. And, 
because the entire system has been downsized to allow this to happen, weight savings are 
realized in cylinder materials, piston materials, and hydraulic fluid. 

Fig. 6 compares a conventional system to the present system for the same output 
force. The System Weight Comparison Ws on the dependent variable axis can be defined 
20 as follows: 

W s = Wf/Wc 

where W f is the Innerscoping System Weight and W c is the Conventional System Weight. 
Thus, for a given required force output, the present system will weigh less than a 
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conventional system due to the reduction in materials and fluid required to meet the 
requirements. This graph also allows for the sizing of the present system, using the 
internal variable of Rod Diameter and Cap Diameter. In addition to enabling the resizing 
of the present cylinder, the added valving embodiments allow for a greater-xhan- 
5 conventional speed from the system. Therefore, the present hydraulic system allows a 
cylinder to be operated in a novel, unique fashion. The cylinder has the capability, with 
proper valving, to match the performance of a conventional system while surpassing its 
maximum force capabilities when needed. If a lighter hydraulic cylinder is required, the 
Innerscoping cylinder may be downsized in order achieve the same results as its 

10 conventional counterpart at a reduced system weight. With these benefits in mind, the 
Innerscoping cylinder increases the flexibility and capability for current machinery and 
systems requiring hydraulic cylinders. 

A further alternate embodiment is shown in Fig. 7, depicting a "three-speed" 
hydraulic cylinder system 100. An innerscoping cylinder 1 10 is provided, as included 

15 with the other embodiments, where the innerscoping cylinder includes a first fluid 

chamber I 12, and inner portion 1 14 and a second chamber 1 16, as described hereinabove. 

FIRST SPEED MODE 

A four-way valve 120 is shifted, e.g. from right to left, to admit flow from the 
20 pump 122 to a first fluid line 124, and to admit flow from a second fluid line 126 to 
reservoir 128. The pressurized hydraulic fluid flows through the first fluid line 124 
through a two-way valve 130 and into the first fluid chamber 1 12 (formed substantially 
within the internal cylinder). In the preferred embodiment, the two-way valve is a Series 
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DSH082 directional valve of the type sold by Parker Hannifin of Elyria, Ohio. 
Pressurizing the first chamber 1 12 causes motion of the internal cylinder (from left to 
right as indicated in Fig. 7.) This motion of the inner cylinder causes pressure to develop 
in the inner portion 114. The fluid in the inner portion 1 14 is discharged through the 
5 port on the sleeve cylinder (as indicated), and returns down the second fluid line 126 to 
the four-way valve 120 to the reservoir 128. At the same time, this movement of the 
inner cylinder causes a negative pressure to be formed in the second fluid chamber 1 16 
(formed substantially within the sleeve cylinder). As a result of this negative pressure, 
fluid is drawn into the second fluid chamber 1 16 through a first check valve 140 from the 
10 reservoir 128. In this "first speed" operational mode, if the force (proportional to the area 
of the internal cylinder) remains lower than the 10% setting on a first sequence valve 132, 
the passive flow to the second chamber 1 16 will continue as indicated above through the 
full stroke. However, if the force against the internal cylinder is such that the system 
pressure rises above the 10% setting a "second speed" mode of operation is enabled. 

15 

SECOND SPEED MODE 

In the event that system pressure reaches the 10% setting on the first sequence 
valve 132, the valve 132 switches to the open position, thereby causing pressurized fluid 
to flow to the second fluid chamber 116. At the same time, the pressure along this branch 
20 of the fluid line causes the directional valve 130 to shift to the right and thereby close the 
ports to the first fluid chamber 1 12. The pressure in the second chamber 1 16 applies 
force to the internal cylinder, and thereby causes an expansion of the hydraulic cylinder 
I 10, to the right as indicated. At this point, the first chamber 1 12 is not pressurized and 
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therefore draws a negative pressure. Fluid is drawn into the first chamber 1 12 from the 
reservoir 128 by this negative pressure, through a second check valve 142. In the 
"second speed" operational mode, the inner portion 1 14 continues to vent to the tank 128 
as in the "first speed" mode. A second sequence valve 134 is provided. As long as the 

5 system pressure detected at the second sequence valve 134 remains below a 

predetermined 10% setting, the fluid flow will remain to the second chamber 1 16 will 
continue at this pressure level through the full stroke. It should be appreciated that, if 
system pressure falls below the 10% setting of the first sequence valve 132, the valves 
will reverse the operation as indicated above and the system will return to the first speed 

10 mode. 

THIRD SPEED MODE 

While in the "second speed" mode, if the force (proportional to the area of the 
sleeve cylinder) causes the system pressure to rise above the 10% setting on the second 

15 sequence valve 134, the valve 134 switches to the open position, the first sequence valve 
132 remains open, but the directional valve 130 remains closed. The pressurized fluid 
continues through the second sequence valve 134 to the first chamber 1 12 located 
substantially within the inner cylinder, while still flowing to the second chamber 1 16 
located substantially within the sleeve cylinder. It should be appreciated that if the 

20 system pressure falls below the setting on second sequence valve 1 34 at any time, the 

valves will reverse their operation and the system will return to the "second speed" mode. 

To retract the cylinder at the end of the stroke, the four-way valve 120 is shifted 
from left to right causing the direction of fluid flow to change, so that the first fluid line 
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124 is connected to the reservoir 128 and the second fluid line 126 is connected to the 
pump 122. This supplies pressurized fluid to the inner portion 1 14 located within the 
internal cylinder. The pressure is dissipated through movement caused by pressure 
exerted against the sleeve piston, the rod seal gland and the inner cylinder stationary 
5 piston. The lack of pressure against the system valves causes them to return to their 

original positions. The four-way valve 130 opens, allowing fluid to flow back to the tank 
via-the 4-way valve port. The fluid in the second chamber 1 16 is routed through a third 
check valve 144 and back to the tank 128. This continues until the cylinder reaches the 
full retracted position, whereupon the process starts over again in the next cycle. 

10 In the manner described hereinabove, the present innerscoping cylinder allows a 

hydraulic cylinder that behaves like an automatic transmission in and automobile, shifting 
up as the work load increases, and shifting back down as the work load decreases. The 
speed of the cylinder in each speed mode is the same as a conventional cylinder of equal 
area. For example, in a cylinder in accordance with the present embodiments, an inner 

1 5 cylinder has a 3-inch diameter and an a sleeve cylinder has a 5-inch diameter. In the first 
speed mode, the speed and force would be equal to the same speed and force as a 3-inch 
conventional cylinder. In the second speed mode, the speed and force would be equal to 
the same speed and force as found in a 5-inch conventional cylinder, less the area of the 
piston rod. In the third speed mode, the speed and force would be equal to the same 

20 speed and force as found in a conventional cylinder having the same area as the 

combination of a 3-inch diameter cylinder plus the area of a 5-inch diameter cylinder, 
less the area of the rod. So in the process of "shifting gears" as workload increases, first 
speed mode corresponds to the speed and force of a 3-inch cylinder, while shifting to 
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second speed corresponds to a 5-in cylinder, while a shift to third increases to the 
equivalent of an 8-inch diameter cylinder. In this way, the present system offers 
manifold benefits as compared to other known hydraulic systems. 

As described hereinabove, the present invention solves may problems associated 
5 with previous type systems. However, it will be appreciated that various changes in the 
details, materials and arrangements of parts which have been herein described and 
illustrated in order to explain the nature of the invention may be made by those skilled in 
the area within the principle and scope of the invention will be expressed in the appended 
claims. 
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